Phosphatidylethanolamine-binding protein 4 (PEBP4) has been found to be highly expressed in many tumors and to be closely related to the proliferation, differentiation, and metastasis of tumors. PEBP4 has also been found to be involved in many canceractivated signaling pathways and to cause therapeutic resistance. In this study, we first reviewed the morphological structure and expression of PEBP4, then discussed the roles of PEBP4 in individualized treatment of some cancers, and finally explored the possibilities of cultivating PEBP4 as a therapeutic target.We also identified the main signaling pathways in which PEBP4 affects different cancers. It is here concluded that over-expression of PEBP4 can enhance the proliferation and metastasis of the cancer cells and the resistance to radiotherapy/chemotherapy in cancers.
Introduction
Non-communicable diseases are the leading cause of deaths worldwide in developing countries. With the aging and rapid growth of the population, the cancer incidence and number of cancer deaths worldwide are also growing rapidly, and cancer is expected to be the leading cause of death in the 21st century and the most important obstacle to improving universal life expectancy. WHO data show that the global cancer burden continues to grow, with 18.1 million new cases and 9.6 million deaths expected in 2018. [1] [2] [3] Recent studies have reported that PEBP4 highly expressed in various tumors. PEBP4 has been found to be involved in tumorigenesis and development. It has been reported that PEBP4 influences the survival rate of tumors by regulating signaling pathways, including AKT, MAPK, and SHH. The expression of PEBP4 in tumors can provide new ideas and targets for the prevention and treatment of tumors.
The Structure, Expression, And Functions Of PEBP4
In 1984, Bernier and his team isolated a cytoplasmic soluble protein with a relative molecular weight of 21,000-23,000 from bovine brains. It was called phosphatidylethanolamine-binding protein (PEBP) because of its high affinity with phosphatidylethanolamine (PE). 4 There was a similar structure domain among the PEBP family members of different species. It was composed of one big beta-sheet connected to a small beta-sheet on both sides and two alpha-helix of the C terminal.
In this structure, there was a highly conserved phosphate binding bag, which was very important to the function of PEBP family. The PEBP family is a superfamily containing more than 400 members, and it is highly conserved across bacterial and human evolution. 5 Different subfamilies have various biological functions. PEBP4, a subgroup of PEBP, has been found to be highly expressed in many cancer tissues. PEBP4 plays a vital role in cancer, and it has attracted increasing amounts of attention from researchers. For this reason, in this paper, we focused only on PEBP4.
It has been established that the human PEBP4 gene is located on chromosome 8p21.3, and its mRNA is 901 bp in length. In the normal tissues, PEBP4 was mainly expressed in the heart, lung, prostate, and thyroid of mammals, and slightly expressed in liver, colon, skin, adrenal gland, and bone marrow. 6 More importantly, it was commonly reported that PEBP4 highly expressed in all cancerous tissues. [7] [8] [9] Initially, PEBP4 was thought to normally co-localize with lysosomes in the cell. Garcia R. et al reported that PEBP4 could be used as a scaffold to connect MEK-1 to Raf-1 and so form ternary complexes. 4 Recent studies have established that PEBP4 is a secretory and glycosylated protein. 8 Tagging the C-terminal of the PEBP4 allowed it to be secreted, while tagging the N-terminal disrupted PEBP4 secretion. It has been reported recently that PEBP4 not only plays fundamental roles in the process of cell membrane construction and remodeling but also plays important roles in such physiological and pathological processes as signal transduction and nervous system differentiation and development. Over-expression of PEBP4 was rendered tumors resistant to radiotherapy and chemotherapy and promoted the proliferation, differentiation, and metastasis of cancer cells. 10 It has been reported that PEBP4 migrated to the cell membrane to protect cells from cell damage caused by tumor necrosis factor alpha (TNF-α) or rituximab-mediated complement-dependent cytotoxicity (R-CDC) stimulation in a PE-bindingdomain-dependent manner. 10, 11 Haibo Liu et al found that PEBP4 could inhibit the degradation of estrogen receptor alpha and maintain high estrogen receptor levels in cancer cells. 12
PEBP4 And Cancers PEBP4 And Breast Cancer
Early diagnosis and treatment of breast cancer are the primary means of improving the quality of life of patients.
The incidence of breast cancer has been climbing year by year. Even more worrisome, the decrease in the death rate from mammary cancer had been decreasing fairly significantly, mostly due to the molecular typing. As the scientific community has gradually become more aware of the genome, it had been shown that mammary cancer molecular typing may reflect the biological behavior of tumors and may be able to affect drug sensitivity and determine drug use. Molecular typing of mammary cancer was usually determined by the analysis of tumor markers. Detection of tumor markers has facilitated understanding of the prediction of curative effect, metastasis, and drug tolerance. 13, 14 Recently, PEBP4 has been found to be preferentially expressed in breast cancer tissues and to play an anti-apoptotic role in breast cancer tissues. Silencing of hPEBP4 itself did not affect the growth of MCF-7 cells, but it has been shown to enhance the sensitivity of TNF-α to growth inhibition. 14 It has also been reported that, in IOI-42-treated MCF-7 cells, the interaction between hPEBP4 and Raf-1/MEK-1 could be weakened and promote TNF-α-induced apoptosis in MCF-7 cells. Wang S.C. et al found knocking down PEBP4 could inhibit the proliferation and metastasis of MDA-MB-231. However, implanting the MDA-MB-231 cells transfected with sh-PEBP4 into nude mice decreased the weight of the xenografted tumor; they also suggested that PEBP4 silencing played a prominent role in xenografted tumors. 15 Qiu J. et al reported TNF-α-induced cell apoptosis was not obvious in cells with high malignant degree of PEBP4 silencing. These studies suggested that PEBP4 may play an important role in advanced metastasis of breast cancer.
PEBP4 And Lung Cancer
Many studies have reported that PEBP4 was of paramount significance in the development and metastasis of lung cancer. Jian W. et al found the expression of PEBP4 to be positively correlated with NSCLC. PEBP4 can promote the proliferation and metastasis of NSCLC, and over-expression of PEBP4 can promote the progression of EMT and ultimately lead to tumorigenesis by up-regulation many cytokines such as n-cadherin, alpha-sma, collagen III, and vimentin. 16 Yu G. et al found that overexpression of PEBP4 could promote the proliferation of HCC827 cells. 17 Recent studies have shown that microRNAs play a significant role in the process of lung cancer and are able to serve as invasive biomarkers for early-stage cancer. 18 knockdown had the same impact as knockdown of ectopic microRNA-15b, upregulation of mir-15b suppressed PEBP4. 21 In the study of Guiping Yu et al, the data suggested that the usage of cis-diaminodichloroplatinum (DDP) was able to significantly reduce the viability of A549 cells by inducing cytotoxicity. However, PEBP4 over-expression could weaken the effect of DPP and reduce DDP-induced cytotoxicity by regulating P53 and microRNA-34a. 22 Silencing PEBP4 was found to inhibit the proliferation, invasion, and metastasis of various types of lung cancer cells, and over-expression PEBP4 had the opposite effect.
PEBP4 And Intestinal Cancer
Recent laboratory studies on targeted therapy have shown that PEBP4 gene knockout inhibits cell proliferation, migration, and invasion in gastric cancer cell lines. 9 PEBP4 knockout significantly inhibits both phosphorylated PI3K and phosphorylated AKT in gastric cancer cells. 23 These mechanisms might be the key to metastasis and dissemination of gastric cancer. PEBP4 was expected to become a potential therapeutic target for gastric cancer.
Studies have shown that PEBP4 is also expressed in colorectal cancer tissues at significantly higher levels than in normal tissues. At the same time, the expression of PEBP4 in lymph-node-metastasis-positive patients was higher than in patients with remission lymph node metastasis patients. 24 In addition, the expression of PEBP4 in the middle and advanced stages of colorectal cancer, as indicated by TNM stage, was prominently higher than that in the early stage. 25 Some studies even pointed out retrospectively that the high expression of hPEBP4 was associated with radiation resistance in the course of radiotherapy for colorectal cancer, which had certain preoperative predictive values. 26 These experiments suggested that PEBP4 might be mainly involved in metastasis of middle and advanced colorectal cancer, and the targeted drugs of PEBP4 might improve the quality of life of patients with advanced colorectal cancer.
PEBP4 And Glioma
Emerging evidence has suggested that IDH and BRAF biomarkers could predict the occurrence of glioma. 27, 28 Recently, Huang R.Q. et al 29, 30 found the following: (I) PEBP4 was closely associated with grade in human gliomas. (II) PEBP4 was the only independent prognostic factor of glioma by COX regression analysis, based on the existing clinicopathological and biochemical parameters. (III) The high level of expression of PEBP4 could indicate poor prognosis of glioma grade. Those studies showed that overexpression of PEBP4 may be relevant to the higher-grade human gliomas. Although many studies have shown that the high expression of PEBP4 is closely correlated with tumors, PEBP4 was found to be the only independent prognostic indicator in glioma cancer, though this has not been reported to be the case for other cancers.
PEBP4 And Lymphoma
Non-Hodgkin's lymphoma (NHL) is the main type of lymphoma, most of which are B-cell lymphomas. 31, 32 Rituximab improves the survival rate of patients with lymphoma. 33 Recently, the relationship between PEBP4 and B-cell lymphoma had been reported. Kai Wang and his team 11 found the following: (I) Lymphoma cells with high expression of PEBP4 can attenuate the effects of rituximab. (II) Knocking out the PEBP4 gene and administration of rituximab can synergistically treat malignant lymphoma. (III) Overexpression of PEBP4 inhibited the increase of R-CDC-mediated calcium flux, thereby reducing cell sensitivity to R-CDC. (IV) In Raji cells, silencing of PEBP4 significantly enhanced the expression of P53. In conclusion, PEBP4 could promote the development of lymphoma. Kai Wang and his team also found that PEBP4 could reduce the sensitivity of cells to R-CDC and the effect of P53, which suggested that the roles of PEBP4 may also be performed by affecting other oncogenes.
To sum up, so far, it has been reported that PEBP4 played important roles in many tumors, including mammary cancer, lung cancer, intestinal cancer, glioma, and lymphoma, and its effects are summarized in Table 1 . 
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The Signaling Pathways Affected By PEBP4 In Cancer
PEBP4 Enhanced The Resistance Of Cancer Cells Through The AKT Signaling Pathway
In a large number of treatments of malign cancers, activation of the PI3K/AKT signal pathway tended to render cells resistant to radiotherapy and chemotherapy. [34] [35] [36] Other studies showed that PEBP4 participated in the activation of PI3K/AKT signal pathway, and PEBP4 seemed to be an important factor in the activation of AKT signaling pathway in cancer cells. 9,37,38 Yu G. et al found that the overexpression of PEBP4 played activated roles in phosphorylation of AKT in HCC827 cells, and down-regulation of PEBP4 inhibited the phosphorylation of AKT. 17 In addition, Zhang D. pointed out PEBP4 could interact with Akt and promote the phosphorylation of serine 473 of Akt. 39 Zhang D. et al and Yu G. et al suggested that the promotion of PEBP4 for AKT activation in cancer cells may depend on phosphorylation of serine 473 of AKT. PEBP4 can phosphorylate serine 473 of Akt; studies found that the roles of PEBP4 in AKT signaling pathway also seemed to be related to ROS. Li W. et al found knockdown PEBP4 could inhibit hypoxia-induced AKT activation, suggesting that PEBP4 participated in hypoxia-induced AKT activation 37 and hypoxia could increase the accumulation of reactive oxygen species (ROS). Increasing accumulation of ROS was able to activate the AKT pathway. 40 With the activation of the AKT pathway, hypermetabolism may induce an increase in oxygen consumption, further resulting in ROS-mediated AKT activation. One study indicated that ROS has two functions, on the one hand, it killed cancer cells directly, but on the other hand, it provided survival advantage for the activation of the stress system. 40 PEBP4 seemed to enhance survival advantages of ROS for the activation of the stress system in cancer cells; Qiu, J et al. 25 found (I) PEBP4 acted as a survival signal molecule in the activation of AKT mediated by ROS to help cancer cells resist killing. (II) During the course of radiation treatment of cancers, PEBP4 has been found to contribute to phosphorylation of ROS-mediated AKT, enhancing survival rates of cancer cells and their abilities to resist apoptosis and radiation. However, the activation of AKT by PEBP4 was not found in normal cells; studies by Garcia R. et al showed that PEBP4 had no effect on the phosphorylation of AKT in C2C12 muscle cells. These results suggested that the resistance to chemotherapy and radiotherapy of tumor cells activated by AKT signaling pathway is closely related to the overexpression of PEBP4.
The Expression Of PEBP4 Was Negatively Correlated With The Activation Of The ERK/MAKP Signaling Pathway
ERK is a key member of the MAPK family, and the MAPK/ERK signaling pathway is important for cytokines to regulate cellular pathways. 41 Various growth factor receptors and nutrition-related factor receptors need ERK activation to complete the signal transduction process. 42 PEBP4 has been found to be involved in MAPK signaling pathway. Garcia R. et al found that, in PEBP4-overexpressing COS1 cells, PEBP4 participated in the MEK/ERK signaling pathway, in which PEBP4 can enhance their activity as scaffolds for upstream proteins Raf-1 and MEK. 4 The activation of EKR signaling pathway requires MEK to transfer to the nucleus and transmit signals. 43 When PEBP4 formed ternary complexes with Raf-1 and MEK, the ability of MEK to transmit signals to the nucleus became blocked. However, this contradicted the fact that PEBP4 had been repeatedly reported to be involved in the occurrence and development of cancer. A large number of recent studies have explored the relationship between the ERK signaling pathway and tumors, which suggest that inhibition of ERK signaling pathway may be a promising cancer therapy. [44] [45] [46] Activation of PEBP4 has been shown to inhibit the activation of ERK signaling pathway, but studies have also indicated that inhibiting the activation of ERK signaling pathway could enhance the resistance of cancer cells to TNF-α-induced apoptosis, 10 and these results do not seem to contradict PEBP4's role in promoting cancer development.
Wang X. et al found that when cancer cells overexpressing PEBP4 were stimulated by TNF-α, PEBP4 moved from the lysosome to the cell membrane, and then PEBP4 combined with Raf-1 and MEK-1 via the PE domain to inhibit the ERK signaling pathway. However, when PEBP4 did not have a PE domain, the transfer function of PEBP4 was blocked. 10 Wang X. et al also found the same results in cancer cells overexpressing PEBP4 from stimulation of TNF-related apoptosis-inducing ligand (TRAIL). 47 TNF-α and TRAIL have been found to act as stimulating signals for PEBP4's transfer from lysosome to cell membrane, and Kai Wang et al found R-CDC could move PEBP4 to the cell membrane through PE in cells overexpressing PEBP4, allowing them to resist attacks from the membrane attack complex. 11 These results suggested that the PE domain of PEBP4 may be an important structure because of its function, and PEBP4 can enhance the resistance of cancer cells to apoptosis by inhibiting the activation of ERK signaling pathways induced by different pathways.
PEBP4 Can Induce Tumorigenesis Through The SHH Signaling Pathway
The expression of Shh and Smo protein has been shown to be significantly higher in tumors, indicating that this signaling pathway is activated. Recently, it has been reported that PEBP4 was also involved in the SHH signaling pathway. Jian W. et al reported that when PEBP4 gene was silenced in tumor cells, the expression of Shh and Smo protein decreased markedly. 16 This study indicated that PEBP4 was involved in this signaling pathway and could enhance Shh signaling pathway resulting in diseases and tumors, but much more research is needed.
Conclusion
Cancer is a major non-communicable disease with a significant death rate. Recently, more and more studies have shown that overexpression of PEBP4 is closely related to such advanced tumors as mammary cancer, lung cancer, and intestinal cancer. PEBP4 has a domain consisting of a big beta sheet connected to a small beta-sheet on both sides and two alpha-helixes in the C terminal. It also participates in some signaling pathways to promote or inhibit the activation of those signaling pathways such as AKT, MAPK, and SHH signaling pathways, thereby enhancing the anti-radiotherapy or anti-chemotherapy of tumors and promoting the proliferation, differentiation, and metastasis of cancer cells. We concluded the main functions of PEBP4 and its role in cancer development, and we attached great importance to its possible mechanisms prompting the development of cancer cells. Studies have suggested that PEBP4 can serve as a prognostic marker of cancer. However, PEBP4 is not currently used in clinical treatment, and the mechanism by which PEBP4 affects early cancer progression is not clear. More studies are needed to explore the feasibility of PEBP4 in clinical treatment and the roles of PEBP4 during the early stages of cancer.
